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S-NFTROSOTHIOLS AS SMOOTH MUSCLE RELAXANTS 
AND THERAPEUTIC USES THEREOF 

Cmss-Reference to Related Ap plication 

5 . This application is a continuation-in-i)art of U,S . Application Serial No. 

07/804,665, filed December 11, 1991, which is a continuation-in-part of U.S. 
Application Serial No. 676,691, filed March 29, 1991, abandoned. 

Background of the Invention 

This invention was made with government support under ROl- 
10 HL40411, HL43344, and R04870, awarded by The National Institutes of 
Health. The government has certain rights in the invention. 

Field of the Invention 

This invention relates to the use of low molecular weight S- 
nitrosothiols, such as S-nitroso-N-acetylcysteine, S-nitroso-glutathione, S- 
15 nitroso-homocysteine, S-nitroso-cysteine, S-nitroso-penicillamine and S-nitroso- 
captopril, to relax non-vascular smootii muscle. Types of smooth muscle 
include airway, gastrointestinal, bladder uterine, and corpus cavemosum. The 
invention also relates to the use of S-nitrosothiols for the treatment or 
prevention of disorders which involve non-vascular smooth muscle, such as 
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le^iiatoiy disoideis, gastroimesdiial disoideis, urological dysfunction, 
impotence, uterine dysfunction or premature labor. The invention also relates 
tothe useofS-nitrosothiolstoameli rate smooth muscle contracti not spasm 
and thus, fedlitate diagnostic or flieia^jeuticprocedures, such asbrondioscopy, 
5 endoscopy, l^aroscopy, and cystoscopy. S-nitrosothiols may also be used to 
inct^ hemoglobiii-CT^en binding, and thus enhance oxygen transport to 
bodily tissues. 

Brief DesCTiption of die Background Art 

The endothelium secretes a vascular relaxing fector, known as 

10 endotheUunwIerived relaxing fector (EDRF), which has been identified as 
nhiic oxide (NO), or a closely related derivative thereof. (Palmer et al.. 
Nature 327:524-526 (1987); Ignano et aL, Pmc. Natl. Acad. Sd. USA 
84S2SS-92IG9 (1987)). Under physiologic conditions, however, NO is 
exceedingly unstable, reacdug essentially mstantaneonsly widi oxygen. 

15 supeioxide anion, and redox metals (Lancaster et al., Proc. Natl. Acad, Sd. 
USA 87il223-1227 (1990); Ignarro etaL, Ore. Res. 65:1-21 (1989); and 
Giyglewsld etoL, Nature 520:454^56 (1986)). This feet has lead to die 
supposition diat, in order to exert its efifect on vascular smooth muscle, NO 
must be stabilized in vivo in sl fiorm that preserves its biological activity. 

20 S-nitrosoduols (RSWO) are adducts that form readily under 

physiologic conditions ftom the reaction of NO with reduced low molecular 
weight diiols (Oae et al.. Org. Prep. Proc hu. J5(3j:165-198 (1983)). These 
confounds have half-lives that are significantly greater than that of NO and, 
like EDRF, possess vasorelaxant activity tiiat is mediated tiuough activation 

25 of gnanylate cydase (Kowahik et oL, J. Pharmacol. Exp. Iher. 256:V2S6- 
126* (1990); Loscalzo etal., J. Pharmacol. Exp. Iher. 249(3)076-729 
(1989); and fenarro et aL, J. Pharmacol. Exp. Iher. 2/«(3>:739-749 (1981)). 

The relaxant effect of S-nitrosotiiiols on blood vessels, and die 
mechanism by v*ich tiiis efBect is exerted, is reasonably weU understood m 
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the art. However, the role of NO. or involvement of the guanylate cyclase 
pathway in non-vascular smooth muscle is not as clearly understood. 

Puhnonaiy immune responses result m the liberation of cytokines and 
inflammatory mediators which contribute to the narrowing of airway smooth 
5 muscle. As part of this process, puhnonaiy endothelial cells, macrophages 
and polymoiphomiclear leukocytes are believed to induce nitric oxide 
synOetase. thus serving as a source of NO. The consequences of NO 
production in die hing are not known. However, the potential beneficial 
effects of NO through bronchodHation may be counterbalanced by generation 
10 of toxic nitrogen oxides that form readily under Ac high ambient concentration 
of oxygen and other reactive oxygen ^wcies. 

Likewise, introduction of NO into die lungs also results in significant 
adverse effects, which occur as a direct result of the particular chemical 
reactivity of the imdiaiged NO radical (NO*). Hiese adverse effiects create 
15 unpediments to NO therapy which geneiaUy involves administration of NO*. 
R*r example. Ae reaction between NO*, and Oj or reactive O, species whidi 
are present in Wgh concentrations in die lung, generates Wghly toxk: products, 
sudi as NO» and peioxynittitB. These reactions also result in the rapid 
UBctivation of NO, thus eliminating any beneficial pharmacological effecL 
20 (Fnrchgott R.F. ef a/.. /. EttdoOieUum-Derived Relaxing Factors and Nitric 
Oxide; eds. Rubanyi G.M., pp. 8-21 (1990); Giyglewski. R.J. etal.. Nature 
320:454-456 (1986)). Furthermore, NO* reacts widi die redox metal site on 
hemoglobin to form mediemoglobm, wWch inhibits oxygeniemoglobin 
bmding, thereby agiuflcartly reducing die oxygen^arrying capacity of the 
25 blood. 

Non-vascular smootii muscle is present in numerous organ systems 
fluoughout die body, and has a vital role in die physiological function of tiiese 
systems. For example, airway smoodi muscle plays a critical role in 
constriction and dilation of brondii. in die gastrointestinal traa, die sphincter 
30 of Oddi, a smoodi muscle connection between die bile duct and duodenum, 
provides tonic contraction which serves to prevent reflux of duodenal contents 
into die pancreatic and bile ducts, and promotes filling of die gaU bladder. In 
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addition, esophageal (sphincters and body), intestinal and colonic motili^ is 
regulated by smooth muscle. Smootii muscle of the bladder body, bladder 
base, and proximal uredira plays an important role in urolc^cal function, and 
erectile function is mediated by relaxation of corpus cavemosal smooth 
5 nniscle. 

In summary, the relaxation kinetics of nonrvasralar smooth muscle are 
very inq>ortant in immerous physiolQgical systems. Moreover, a variety of 
dgnificant clinical disorders occur, ^widdi involve contraction, s^osm, or 
feilure to adiieve tiie necessary relaxation of smootii nmscle. Exanq>les of 
10 sudi disorders include airway obstruction O-©-. asfluna, bronchitis and 
emphysema), bladder dysfunction, gastrointestinal muscle spasm , irritable 
bowel syndrome, achalasia, dun5>ing disorders), and unpotence. Thus, a 
clinical need exists for pharmacological agents which can treat or prevent such 
disorders by indudng relaxation of flie affected smootii muscle. 

15 SUMMARY O F THE INVENTION 

This invention is based on die discovery by die inventors tiiat S- 
nitrosotiiiols exert a potent relaxant effect on non-vascular smootii muscle. 
This concept lead the inventors to the discovery that S-nitrosotiiiol con^>ounds 
may be used as a tfaerepeutic modali^ in disorders vMct involve smooth 

20 muscle relaxation. 

The invention is directed to an S-nitrosotiiiol compound which has the 

formula: 

CH3(CH2)^NO 

wherein: 
25 X equals 2 to 20- 

The invention is also directed to an S-rutrosofluol oon^Kiund which h^ 
the formula: 

HS(CH2)JSNO 

wherdn: 
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X equals 2 to 20, 

The invention is also directed to an S-mtrosothiol compound whicti tias 
the formula: 

ONS(CH2),Y 

5 iK^iein: 

Xequa]s2 to 20 and Y is seleoed from die group consistii^ of fluovo, 
Ci-Q alkoxy, c^ano, carboxamido, Q-Q cycloalkyl, aralko^, (VQ 
alkylsolfiiiyU arylfliio, Q-Q alkylamino. Q-C^ dialkylamino, hydroxy, 
cariiamoyl, QCs N-alkylcarbamoyU C2-C15 N.N-dialkylcarbamoyU ammo, 

10 hydroxy!, carboxyl, hydrogen, nitro ami aryl; wherein aryl includes benzyl, 
n^hdiyl, and anthracenyl groups. 

The invention is also directed to die use of S-nitrosotliiols for die 
treatment or prevention of disorders assodated ^di relaxation of ^ooth 
muscle, sudi as airway obstrucdon, gastrointestinal spasni^ bladder dysfunction 

IS and impotence. The invention is also directed to die use of S-nitrosoduols to 
alleviate smooth muscle oontracdon and spasm, and dius facilitate procedures 
involviiig diagnosdc instrum^itadon sudi as endoscopy and brondioscc^y. 

In particular, dus irivention is directed to a method for relaxing airway 
smooth musde by administeririg a ther^)eutically effective amcmnt of an S- 

20 nitrosothiol oon^x>und to an animal. The S-nitrosothiol compound may be 
selected from the grmip condsting of S-nitroso-N-acetylcysteine, S-nitroso- 
glutadiioiie, S-nitroso*cysteine, S-iutroso4iomoQrfidxie, S-nitroso-perudllamine 
and S-nitroso-csq[>topril. Hie S-nitrosothiol compound may be selected from 
the group couMsting of a compound having the formula: 

25 CH3(CHa)*SNO 
herein: 

X equals 2 to 20. 

The invention is also directed to an S-nitrosothiol compound which has 
the formula: 

30 HS(CH2)^NO 
wherein: 
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X equals 2 to 20. 

TTie invention is also directed to an S-nitrosothiol compound which has 
the formula: 

ONS(CHa)^Y 

5 wherein: 

X equals 2 to 20 and y is selected fiom the group consisting of fluoro. 
Ct-Ce alkoxy. cyano. caiboramido. Q-Q c?ycloalkyI. arallowy. QrQ 
alkylsnlfiiiyl, aiylfliio. Q-C, alkylamino. CrC« diaJkylaminb. hydroxy, 
caibomoyl. N-alkylcarbampyl. CrC^ N.N-dialIqrIcaibamoyl, amino, 

10 hydioxyl. carboxyl, hydrogen, nitio and aryl; wherein aryl includes benzyl, 
naphthyl, and antbracenyl gcoaps. 

The fflvemion is also directed to a mediod ft>r treatment or prevention 
of req>iratory disorders by adnunistering atherapeuticaUy cfectivc amount of 
S-nitrosotfaiol con^und to an animaL Respiratory disorders' indude 

15 obstructive lung disease, emphysema, asdmia. bronchitis, fibrosis, cxcesave 

mucus secretion, obstruction of air flow, and Iimg disorders resulting tcom 

post-surj^cal complications. 

The invention is also directed to a mediod for relaxing gastrrfntestinal 

smoodi muscle by admiiustering a AerapeuticaUy effective amount of an S- 

20 nitrosotinol confound to an animal. 

The mvention is also Erected to a metiiod for ameUorating contraction 

or spasm of gastrohiiestinal smooth musde assodaied witfi endoscopic 
procedures, by admmistering a therapeutically effective amount of an S- 
nitrosothiol compound to an aiumal. 
25 The invention is also directed to a metiiod for relaxing corpus 

cavernosumsmooflimusclebyadministeringadier^uticallyeffectiveamount 

of an S-nitrosotiiiol compound to an animal. 

The mvention is directed to a mefliod for die treatment or prevention 
of impotence by admhiistering a dierapeuticaUy effective amount of an S- 
30 nitrosotiiiol compound to an animal. 
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The inventian is also directed to a method for relaxing bladd r smooth 
muscle by adnunistering a Aeiapeutically effective amount of an S-nitrosothiol 
compound to an animal. 

The invention is also directed to a method for relaxing uterine smooth 
S muscle by administering a timapeutically effective amount of an S-nitrosotfaiol 

conq>omid to an animal. 

The invention is also directed to the administration of said S- 
nitrosothiol compounds for the methods of tfie invention, as part of die 
pharmaceutical contpoation compri^qg a pharmaceutically acceptable carrier. 

10 The invention is also directed to die methods of the invention wherem 

the pharmaceutical composition containing the S-nitrosothiol compound is 
administered to an animal by a route comprising oral, sublingual, intravenous, 
topical, intramuggiilflr or intranasal delivery. 

Th^ invention is also directed to a mediod for iiurreasing the capadty 

15 of hemoglobin to bind oxygen, conq>ridng administering a tiierapeutically 
effecdve amount of an S^nitrosoduol oorqxmnd to an ammal in need diereof . 

The inventicm is also directed to a method for increasing oxygen 
transport to bodily tissues, oompridiig administering a therapeutically effecdve 
amount of an S-nitrosothiol compound to an animal in need thereof. 

20 The invendon is also directed to a method for the treatment or 

prevention of disorders assodated wifli insufficient oxygen supply to bodily 
tissues, conq>ri«iig adnunistering a diersf>eudcally effective amount of an S- 
nitrosothiol to an animal in Bsed tiiereof . 

Brief Etescription of the Rgures 

25 FIGURE 1: Inhibitionof flie Sphincter of Oddi by administration of 

S-nitroso-N-acetylcysteine. 

FIGURE 2: Inhibition of duodenal motility by administration of S- 

lutroso-N-acetylcysteine. 



wo 93/12068 



PCrAIS92/10447 



FIGURE 3: 



Side-by-side comparison of the relaxant effect of 
specific S-nitrosothiols on guinea pig tracheal muscle. 



10 



FIGURE 4: Dose-dependent relaxant effect of spedfic S- 

nitiosothiols on goin^ pig tradieal musde contracted 
widi 3 /iM, as compared to the leactant and NO. 

a: S-nitroso-glutatbione 

b: S-nitroso-^steine 

c: S-nitroso-homocjrsteine 

d: S-nitroso-N-acetylc^steine 

e: S-nitioso-penicillamine 

f: S-nitroso-captopril 



FIGURES: 



Relaxant activities of S-nittoso-N-aoetylcysteine (A) and 
S-nitioso-C£ptopril (B) determined against oontracdons 
induced by leukotriene D4, hiyaamine and metfaacfaoline. 



15 FIGURE 6: 



The course of relaxation indwed by S-nitroso-N- 
acetylcysteine (5 x lO^M ) over 60 miruites. 



FIGURE 7: 



The relaxation response to S-nitroso-glutadiione in 
guinea pig airway (A) and rabbit aorta (B). 
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FIGURES: 



Tracheal relaxant effiscts of S-nitroso-N-aoetylcysteine, 
isoproterenol, and theophylline. 



FIGURE 9: 



Inhibition of tracheal relaxation to S-nitroso-N- 
ac^l^rsteine by hemoglobin and mediylene blue. 



FIGURE 10: 



Cyclic GMP determinations in tracheal rings incubated 
with 100 tM S-nitroso-N-acetylcysteme. 
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FIGURE 11: 
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Comparison between the relaxant effect of S-nitroso- 
glutathione and nitrite upon human tracheal smooth 
muscle. 



FIGURE 12: 



FIGURE 13: 



Conqiaiison between the relaxant effect of S-nitioso- 
glutathione and glutathioi^ upon human tracheal smooth 
nniscle. 

Comparison between the relaxant effect of S-nitroso-N- 
acetylcysteine and N-ace^lcysteine iqx>n human tracheal 
smooth muscle. 



10 FIGURE 14: 



FIGURE IS: 



FIGURE 16: 



15 



Tiadieal relaxant effects of theophylline, isc^roterenol, 
S-mtroso-N-acetylcysteine» and S-mtroso-glutathione. 

cyclic GMP refuse to S-nitroso-N-aceQrl<grstBine in 
human airways. 

SNOAC-induced airway relaxation is not inhibited by 
mediylene blue* 



FIGURE 17: 
FIGURE 18: 

FIGURE 19: 
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S-nitros^ation of hemoglobin. 

UV spectrum of hemoglobin incubated vdth S-nitroso-N- 
ace^lc^steine. 

Reaction of nitric oxide at die iron-binding ate of 
hemoglobin. 
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E)escriDtion Of The Preferred E mbodiments 

Hie invention is based on the discoveiy by the inventors that S- 
nitrosotliiols relax non-vascular smooth muscle, and possess unique and 
dif^ntxelaxant activities, kineticpiopmies andmembiane penneability, and 
S flius, 012^ be'used to treat or pievrat disorders whidi involve non-vascular 
smooth muscle. 

In one OTibodm^iit. the term "S-mttosotfaiol" r^rs to a oon^und 
vMdi is selected from the group consisting of S-nitroso-N-acetylcysteine, S- 
nittoso-glulathione, S-nitroso-cysteine, S-nitroso-homocyaeine, S-nitioso- 

10 paniathoeme derivatives, S-nitroso-penicillamine and S-nitroso-capt«q)ril. 

In anaOisr onbodiment the tenn "S-nitrosofliior refers to particular 
novel S-nitrosotbiol compounds qmdiesized by die inventors, ibr use as 
smooth muscle relaxants. The confounds r^resenied by the general formula . 
of CH5(CHa)^NO are long caibon-chain lipophilic nitrosodiiols. n» 

15 compounds rq>rBsentBd by the gmeral formula of IK(CHj)^NO are S- 
nitrosodithiols, posses^g an additional iliiol group. The oon^unds 
i^resented by die genual formula of 0NS(CH2).Y are S-nitxDSOtfaiols vidiicfa 
possess otfarar functional groups, in addition to die diioL 

Hie invention is related to die disoovny diat S-nitrosodiiol confounds 

20 relax non-vascular smooth muscle. As a result, these conqxxmds may be used 
to treat or prevrat Aose pafliopfaysiologie conditions which result fiom, or 
involve, constriction of smoodi muscle, or those ^di necesntaie therapeudc 
intervention to achieve smooth musde rdaxation. 

One embodiment of the invoition relates to the a dmini st r ation of a 

25 thei^)eutically effective amount of an S-nitrosodii(d to an ammal to relax 
airway smooth muscle. The term "arway smoodi muscle' refers to flxe 
smoodi muscle lining the bronchi or tracheal region. The inventors have 
demonstrated that S-nitrosodiiols exert a potent relaxant effect upon airway 
smooth muscle. 
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As a result of tiiis potent relaxant effect exerted by S-nitrosothiols, 
these compounds may be administered as therapeutic agents for the treatment 
or prevention of respiratory disorders. 

The term "respiratory disorder" refers to any impairment of lung 
5 function which involves constriction of airways and changes in blood gas 

levels or lung fiinctioiL 

Foe example, airway obstruction constitutes a respiratory disorder 
wfaidi occurs as a result of acute pulmonary impairment or obstnicdve lung 
disease. Severe airway obstruction may ultimately result in life-thieatening 

10 respiratory feilure. Airway obstruction occurs in patients with chronic 
obstructive lung diseases, such as emphysema and bronchitis. TTiese patients 
often experience recurrent q»isodes of respiratory Mure as a result of severe 
drway obstruction. Emphysema can result m sigmficant disability due to 
dyspnou extreme restriction of physical activity, and mortality. 

15 Airway obstruction also results from asthma, a disorder characterized 

by increased responsiveness of the tracheobrondiial tree to various stimuli, 
and which leads to generalized airway constriction manifiBSted by dyspnea, 
cough and wheezing. Asthma sufferers often experience acute exacerbations 
of brondioconstriction, which may be life-direatraing. 

20 Anotiier obstructive lung disease, cystic fibrosis, results fiom abnormal 

exocrine gland function. Clinical manifestations include excessive mucous 
secretion, hypertrophy of bronchial glands, infection, and inflammatory and 
structiual changes in tiie airways which lead to obstruction and ventilation- 

perfusion imbalance. 
25 Acute respiratory feilure may result not only from obstructive disease, 

but also as a consequence of airway constriction secondary to pneumonia, 
thromboembolism, left ventricular feilure and pneumotiiorax. Acute 
respiratory feihire may also result ficom ventilation-perfusion imbalance. 

Acriticalcomponentmtiietreattnent of airway obstruction involves tiie 

30 use of pharmacologic agents to remove secretions and reverse airway 
constriction. Tbe most commonly used bronchodilatory agents are beta- 
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agonists. sudi as isoproterenol, given by inhalation r subcuiaiBous injection, 
and methylxanthines, sudi as Aeophylline, ^ven orally r by infimon. 

The margin of safe^ for tfaec^hylline administration is relatively 
nanow. The minimum therapeutic concentration in plasma is 6 to 10 /tg/ml, 
5 andonaccqrtablesymptomsof toxicity usually sqjpear at or above 20 ftg/ml. ? 
Still higher concentrations can lead to serious central nervous system toxicity, 
with long-term ingestion of theophylline being a prediqwang &ctor in such 
toxiciQr. Moicover, because the clearance of theophylline is influenced by 
genetic, developmaital and mvironmental fiactors to a sigmficant d^giee, it is 

10 necessary to titrate the dosage cautiously against clinical observations of 
beneficial or toxic effects, wifli periodic determination of the concentration of 
the drug in plasma (Gihnan A.G. , The Phamutcological Basis cfThen^eudcs, 
Peigamon Press. New Yoric. (1990)). 

Isoproterenol, a non-selective /^-agonist, produces cardiovascular side 

15 effects siKh as palpitations, anns tadqrcaidia and more snious arrtQrtfamias. 
In addition, tolerance to diis drug may result ftom overuse (Gilman A.G., 
The Pharmacological Basis cf Thenqfeudcs, Pergamon Press, New York. 
(1990)). TTiis characteristic reduces its nsefuhiess in patients with chronic 
<*structivediseasewhorelyheavUyonftequentuseofbn>nchodilaiors. Ithas 

20 now been demonstrated that agonists may have long term deleterious effects 
which result in aggravation of asthma, and altimately diaiige tiie natural 
history of Ae disease. Consequendy, the Anmican Tlioradc Sodety no 
longer recommends treatment widi 0 agonists as first line therapy in mOd 
asduna Expert Panel Reconamendation. New England Journal of Medidne, 

25 325:425-426 (1991)). 

The use of S-nittosodiiols for die treatment of airway obstruction 
provides dgmficant advantages ovct curamt mediods of treaimenL The use 
of S-mtrosodiiols eliminates die untoward ade effects assodaied with ^- 
agornstsandmediyhtanfliines. S-nitrosothiolsalsopotentlyinhibitplateletsand ^ 

30 neutrophils which have been inq>licated in the padiogeneas of asdima. 

Furdiermore. because all current treatment mediods act by way f 
cAMP. S-nitrosodiiols satisfy the need for bronchodilalors which act by way 
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of cGMP. This is important because current evidence provided by the 
inventors demonstrates a role f r cyclic GMP in regulation of airway tone in 
humans (See Example 1). In addition, cyclic GMP agonists act syneigistically 
with cyclic AMP agonists to provide bronchodilation, not obtainable by 

5 individual agents. 

The inventors have also demonstrated that S-nitiosothiols also cause 
relaxation of smoodi musde by a cGMP-independent mechanism. Another 
medianism by whidi bronchodilation is effected provides an oppormnity for 
combbation therapy, because the Independent mechanisms have potential for 

10 synergy. 

A significant advantage of S-nitrosothiols is that they deliver NO in its 
most biologically relevant, and non-toxic form. This is critical, because the 
pharmacological efficacy of NO. particulariy in airways, depends upon the 
foim in whidi it is delivefed. As demonstrated by the invaiiors. S- 
15 mtiosofluolscandeUverNOaschargedspedes,nitrosonium(NO*)ornitroxyl 
(Na). as opposed to the uncharged NO radical (NO*). TTiis is important 
because die charged species behave in a very diffiaent manner from NO* with 
respect to diemical leacAvity. 

In contrast to NO*, mtrosonhmi and iritroxyl do not react with Oj or 
20 O, species to produce toxic oxides of nittogen. and are also resistant to 
decomposition in the presence of redox metals. Consequently, administration 
of diese NO equivalents does not result in the generation of toxic by-products, 
or elimination of the acdvc NO moiety. TTius. by deUvering nitnwonium or 
nitroxyl. S-nitrosofliiols provide a means for achieving the smooth muscle 
25 relaxant effects of NO. and at Ac same time, alleviate significant adverse 
effects previously associated with NO therapy. S-nitrosotfiiols may also be 
used as a means to ddiver free NO in a stable and non-toxic form, for use in 
free NO thers^iy. 

In addition, to causing bronchodilation. S-nitrosofliiols may also be 
30 used to increase the oxygen-binding capacity of hemoglobin. Hemoglobin is 
a globuUu- protein, whidi binds revendbly to blood oxygen through passive 
diffiisionfrom entry ofair into the lungs. Hemoglobin-oxygen binding greatly 
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increases the capaci^ of the blood to transit oxygen to bodily tissues; thus, 
fte binding affinity between hemoglobin and xygen is a critical factor in 
detennining the level of oxygen transit to the tissues. The inventors have 
demonstrated tiiat S*nitrosotiiiols do not react with the iron-binding site of 
5 hemoglobin, as does NO*, but instead, bind to the tibiol groi^. Urns, 
me^moglobin formation is prevented and hemoglobin-oj^gen binding is 
unimpaired. 

Fttrdiermore, the inventors have also demonstrated that S-nitrosodiiols 
not only prevent impairment, of bindii^, but actually inoease hemoglobin^ 

10 oxygen binding. Tlierefore, S-nitrosothiols may be used to increase tiie 
oxygen-canying capacity of the blood, and oxygen transport to bodily tissues. 
As a result, these compounds may be useful in tiie treatment of disordeis 
which are associated with insufficient oxygen tranqK>rt, or in clinical dtuations 
in whidt increased oxygen transport is needed. Exanq>les of sudi clinical 

15 situations include, but are not limited to, hypoxic disorders resulting from 
pneumothorax, airway obstruction, paralyds or weakness of the respiratory 
muscles, inhibition of respiratory centers by drugs or other agents, or other 
instances of decreased pulmonary ventilation. Additional clinical indications 
include impaired alveolar gas dififijsion such as occurs in interstitial fibrosis, 

20 bronchiole constriction, pulmonary edema, pneumonia, hemorriiage, 
drowning, anenuas, arteriovenous shunts. 

Finally, tiie imrentors have demonstrated tiiat S-nitrosotiuoIs mediate 
the activity of vasoactive intestinal pq)tide (VIP), an in^rtant airway 
relaxant This reinforces tiie importance of S-nitrosotfaiols in regulation of 

25 airway tone. Defidency in the effect of VIP is a causal factor in the 
patiiQgenesis of astiuna« Admiiustration of S-nitrosothiols replenishes the 
mediator itself ratii^ tiian a less biologically active derivative. 

S-nitrosotiiiols are also suitable for direct instillation into tiie lungs by 
broncfaoscopic means. This tc^ical administration permits titration of dose, 

30 eliminates tiie unK>ward side effects of systenuc tiier^y, and enables tiie use 
of combination tfaerq>y, involving a topical S*nitrosothi I in conjunction with 
a systemic agent, in problematic cases. This topical tiienpy would also 
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fecilitate endoscopy by suppressing the cough reflex and associated 
bFondio^pasm. 

An important component in the treatment of airway obstruction is the 
removal of airway mucous. Thus, airway obstruction often necessitates the 
administration of a mucolytic agent in conjunction widi die bronchodilator. 
N-acetylcysteine, more commonly known as -Mucomist". is one such agent. 
SHBtioso-N<icetyl<7Steine.aparticularS-nitrosodiiol, isadvantageousbecause 
it possesses both mucolytic and brondiodilator capabilities. 

With respect to combined bionchodilator-mncolytic agents, the 
mucolytic activity of die compound depends upon the amount of diiol which 
is preserved after NO deUvery. Thus, S-nitrosodiiol compounds wWch contain 
more than one Aiol (difliiol con^nds) are particularly suitable ft>r achieving 
mucolysis. In addition, the loi|g-<*ain lipophilic S-nitiosothiols which 
more than one thiol are advantageous as mucolytic agents because tiiey have 
15 a fiee thiol, and tiieir lipophiUc property fiadUtates penetration of die 
conqxNind into tiie lipid portion responsible for tiie tenacious viscosity of 
mucous. 

In addition to die treatment or prevention of respiratory disorders. S- 
nitrosodiiols may also be used to fecilitate diagnostic and flierapeutic 

20 brondiosct^. The term "bronchoscopy' refers to tiie procedure in which a 
flexible fibcK^c. or rigid brcmdioscope is introduced mto tiie 
tiacheobiondiial tree for die purpose of bronchial visualization, lung biopsy 
orbrushuigs. aspiration of secretions, anddeliveiy of pharmacological agents. 
A compUcation of bronchoscopy, and dius an impediment to the 

25 successfiil completion of die procedure, b bronchospasm. Patients widi a 
prior history of brondioqKism are particularly at risk for acute enhancement 
of spasm. Thus. S-mtrosodiiols may also be used to relax airway smoodi 
muscle and eliminate bronchoscopy-lnduced bronchospasm. 

Anoflier embodimem of die mvention relates to tiie administration of 

30 adierapeuticaDyeffectiveamountofanS-nitrosodiiolcompoundtoananimal 
to relax gastrointestinal smoodi muscle. The term "gastromtestinal smoodi 
muscle" refers to smootii muscle which is contained in all areas of die 
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gastrointestinal ttacL Sudi areas include, but are not limited to, tfa 
esophagus, duodenum^ sphiiKrterof Oddi, biliary tract, ileum, sigmoid colon, 
panraeatic duct and common bile ducL S-nitrosotfai Is may be used for the 
treatment or prevention of gastrointestinal disorders. Disorders of the 
5 gastrointestinal tract include aclmlasia (spasm of Ae lower esophageal 
sphincter), dianhea, dumping syndrome, and irritable boweL 

An additional embodiment of the invendon idates to tibe administradon 
of S-nitrosolliiols to alleviate contraction or spasm of ga^rointestinal smootii 
muscle, and thus fiidlitate successful con^letion of emioscopic procedures. 
10 Contraction or spasm of gastrointestinal smooth muscle in^ses a technical 
obstacle which must firequmtly be overcome in order to enable the clinician 
to successfully perform endoscq>ic procedures. 

The term "radoscopicprocedures*' refers to those diagnostic procedures 
which utilize an instrument which is introduced into the gastrointestinal tract 
15 to provide direct visnaliTation of the gastrointesrinal tract, for examination and 
tfaerepeutic puiposes. Such purposes include direct visualization, biopsy, 
access to the common bile duct, fluid aspiration and removal of foreign 
bodies, polyps, and odia ledons. An example of a particular endoscc^ic 
procedure is esc^iiagogastro-duodenc^cc^y, which is utilized for ^camination 
20 of the esophageal lumen, stomadi and duodenum. Another example, 
endoscopicietragrade cholangic^KancrBatoei^hy (ERCP), enables visualization 
oftfae pancreatic duct, common bile duct and the entire biliary tract, including 
the gall bladder. Further examples of endoscopic procedures are colonoscopy 
and ^gmoidoscopy. 

25 Current methods for alleviating gastrointestinal muscle spasm include 

die administration of intravenous diazepam, antidiolin^gics and glucagon, as 
well as sublingual administradon of nitroglycerin. However, these methods 
produce generalized^ systemic effects whidi perdst for a much longer duration 
than the procedure itself. In addition, nitroglycerin is ^gnificandy less 

30 effective as a smooth muscle relaxant than S-nitrosotiiiols, and produces 
systemic side effects, tiie most significant of ^iiich is hypotension. It is 
therefore, not used clinically. Qearly, a need oists for a topical smoodi 
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musde relaxant which could be direcUy instilled into the van us regions fthe 
gastrointestinal ttact to fedUtate botii diagnostic and tiieiapeutic endoscopic 
pFoceduies. 

Patient studies, conducted by the inventors, have measured the efficacy 
of S-nitrosothiols both in feciUtating cannulation of the sphincter of Oddi, and 
in decreasing colon motiUty to aUow for removal of colon polyps. As shown 
in Figure 1. topical administration of S-mttoso-N-acetylcysteine eliminated 
duodenal motility. As shown in Figure 2. topical administration of S-nitroso- 
N-acetyteysteine inhibited tiie contractile activity of the Sphmcter of Oddi. and 
thus, permitting successful endoscopic cannulation of ±t sphincter. In 
addition, administtationofS-nitroso-N-acetylcysteine eliminated colon motiUty 
to fedlitaie successful removal of colon polyps. Notably, die relaxant effects 
were temporaiy (lasting only for tiie duration of die procedure), completely 
reversible and produced no change in systemic blood pressure, heart rate or 
15 oxygensaturation. Hiesameiypeofcffectswouldoccurwitiitiieuseofotiier 
ceU impermeable S-introsofluols. sudi as S-nitioso-glutafluone. 

Prior to die present invention, tiiere were no available pharmacological 
agents whidi oodd be ^lied directiy by endoscopic means to exert a direct, 
immediate, localized, and completely reversfl>le relaxant effect on 
20 g?e*.^iHtPcrinal smootii musclc. Topical administration of S-nitrosotiiiols. 
during endoscopy, eliminates systemic side effects and allows for tiie use of 
die lowest effective concentration of tiie drug. 

Administration of S-nitrosotiiiols obviates tiie need for sphincterotomy, 
a procedure which substantially increases flie morbidity and mortality of 
25 ERCP. In addition, administration of S-nitn)SOfluols aids in tiie cannulation 
and manipulation of die pancreatic duct and biliary tract during tiierapeutic 
procedures sudi as gaU bladder cannulation. bile duct stone removal and stint 
placement, and decreases tiie incidence of post-ERCP complications, sudi as 

pancreatis and cholar^itis. Anotiier use of S-nitrosotiiiols involves tiie 
30 imraoperative injection of tiiese confounds into tiie gall bladder prior to 
diolecystectomy to alleviate cystic duct spasm. This would allow for a 
laparoscopicdiolangiogtambyprovidingaccesstotiiecysticducL Inaddition 
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to the uses discussed above, S-nitrosothiols may also be administered to treat 
or prevent any other t^>^"<^^ problems associated with endoscopy which are 
known to those in the medical art. 

Another embodiment of the invention relates to ad min istration of a 
5 iherq)eati cally effective amount of an S-nitrosotfaiol conqK>und to relax ooipus 
cavemosum smooth muscle. The term "corpus caveioosum" refers to two 
areas of smootii muscle ^Mdtk lie side by tide on the dorsal aspect of die 
penis, and togetiier with the corpus ^ngeosum that surrounds the urethra, 
constitute erectile tissue. Thiserectiletissueoonastsof an irregular sponge- 

10 like system of vascular spaces interspersed between arteries and veins. 
Erection occurs when cavernosa smooth muscle relaxation causes a decease in 
arterial resistance and resulting increase in arterial blood flow to the penis. 

Smootii muscle has a critical role in erectile function Thus, another 
embodiment of the mvention relates to die admmistration of a tbers^eutically 

IS effective amount of an S-mtrosotiiiol compound for the treatment of 
impoteix:e. Impotence" refers to a condition of male serual dysfunction 
whidi is diaracterized by the inability to obtain or maintain an erection. 

Organic causes of erectile impotence, may mdude endocrine, drug- 
induced, local Injury, i^urolQgic, and vascular. In particular, inqx>tence may 

20 result ftom neurologic blodcade caused by such drugs as ant i his t amin es, 
antihypertensives, psydiogenic agents, and anticholinergics. Impotence may 
also result firom neurologic disorders such, as interior temporal lobe lesions, 
spmal cord disorders, and msuffici^x^ of sensory iiq>ut resulting ftom 
diabetic neuropathy. An additional cause of impotence is insufiident blood 

25 flow into the vascular network resulting from an intrin^ defect, or from 
penile trauma. 

Currently available methods for treating impotence con^ largely of 
surgical tedmiques and intracavemosal injections of pharmacological agents. 
One surgical technique involves die inq>lantation of a praile prostiiesis by 
3a inserting wifliin die corpora, a snail silastic rod. However, this metiiod does 
not produce full erection and the complication rate is high. Alternatively, an 
inflatable prostiietic device may be inqilanted on eitiier side of the corpora. 
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with a connecting reservoir of material placed in the perivascuhir space. 
Election is achieved through the use of pumps which are located in the 
scrotum. 

Intiacavemous injection of the smooA muscle relaxant, papaverine has 
5 been used to induce erections. However, a significam disadvantage of tins 
treatmert method is the iieed for a painful injection each ti^ 
dented fa addition, numerous side effects and compUcadons result fiomflie 
chionic use of drugs sudi as papaverine. CUnical reports indicate that a 
significant proportion of potential candidates rcfiise these injections ftom the 
10 onset of tteatmenL A larger mmiber of patients, even after favorable mitial 
response to the treatment, become increasingly unresponsive or unwiUing to 
contimie injections as a means of treamient (Morales et al. . World J. UroL 

5:80-83(1990)). . 
fa general, a significant number of patients who are potential 
15 candidates for current methods of inqwtence treatment refuse initiaUy because 
of the im«sive nature of the treatment, or reject further treamient because of 
pafin, fibtoias. or dissatisfiaction witii results. 

As demonstrated by the discusaon above, prior to the present 
invention, there was a agnificant need for a less invasive approadi to the 
20 treamient of impotence. Because tiiey exert a relaxant effect on corpus 
cavemosal smooth muscle. S-nitrosotiiiols are particularly weU suited for tiK 

treatmmt of impoterK». 

Administration of S-nitrosofluols results in relaxation of corpus 
cavemosum smootii muscle, which leads to dilation of die cavemosal arteries 

25 and a concommittent increase in blood flow. S-nitrosotiiiols provide 
sigmficant advantages fa the treamient of mipotence over currem tna«m«nt 
mediods. because tiiey can be administered topically, diereby eUminating the 
systemic side effects, significant discomfort, fibrosis, and meffectiveness 
associated witii tiie currenfly available, imrasive metiiods of treamienL 

30 Anoflier embodiment of ti« claimed mvention relates to die 

admmistration of a tiien?«itically effective amomtt of an S-nitrosofliiol 
compomid to relax bladder smooth muscle. Bladder smooth muscle includes 
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that of the bladder base, bladder body and proximal uietfaia. In addition, S- 
nitiosodiiols may be used for the treatment of bladder dysfunction disorders 
which involve relaxation of bladder smooth muscle. Such disorders include, 
but are not limited to, problems with bladder filling, volume and continence. 
5 Li addition, S-nitrosotfaiols may be administered to cause relaxation of 

ur^farai and bladd^ base smoodi muscle, and dius, fadlitate cystoscopic 
ecamination of tbe urinary tract The term "Qrstoscopic examination" refers 
to die introducdon of a fib^K^itic instrument tiirough the urethra and into the 
bladder, to adiieve visnalization of tlie interior of the urethra and bladder for 
10 diagnosdc and ther^>eutic purposes* 

Another embodiment of the invention relates to the administration of 
a thecqieutically effective amount of an S-nitrosothiol compound to relax 
uterine smootli muscle. Increased contracdli^ of uterine smooth muscle 
predpitates premature labor. Thus, an additional embodiment of the invradon 
15 relates to die adnunistration of S-nitrosothiol con^unds for the treatment or 
prevention of premature labor. 

S-nitrosothiols may also be used to relax £all<9lan tube smoodi muscle. 
Fallopian tube smootii muscle plays a role in the transport of tibe egg to die 
uterus. Thus, S-nitrosothiols may be used to regulate ovum transport, or to 
20 fecilitate laparoscopic examination of the fellopian tubes, or to fedlitate 
fertilization procedures. 

Tlie long-chain lipoplulic conqx)unds have unique potential for NO 
delivery by incorporation into cell membranes, and for aooes^iig the central 
nervous system (CNS). In the CNS, nitric oxide has been shown to inhibit 
25 cell deatii resulting from ischemic injury, as well as to possess 
neurotransmitter functions. Membrane permeability achieved by these 
compounds also provides the unique potential for NO delivery in every organ 
system. In addition, NO delivery can be regulated by the incorporation of 
additional functional groups into die molecule. Each functional gn>iq>, 
30 including but not limited to nitrite, mtrate, redox metal, amine, aromatic, and 
basic amino adds, has its own unique functional aspects which will affect (a) 
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a targeted site f deliveiy (b) rate of NO release (c) lipophilidty (d) cell 
permeability (e) duiaiioii of action (f) bioactivity and (g) nitrosation potential. 
An additional cmbodiinent of the invention relates to fee administration 

of an S-nitiosothiol compound as part of a pharmaceutical composition, 
comprising apharmaceutically accq»table carrier, to achieve Ae physiological 

effects disco^ above. 

nie pharmaceutical compositions utilized in this invention can be 
administered by intranasal, oral, enteral, topical. sublir«ual. rectal, 
intramuscular, intravenous, or subcutaneous means. The compositions may 
be administered by medical instrumentation including, but not limited to. 
bronchosccq)ic. endoscopic, laporascopic. and cystoscopic means. With 
jcspect to the administration of these composition for the treatment of 
inipotence. the term -topical" includes administration in the form of a condom 
,vhich contains the pharmaceutical composition. Certain S-nitrosothiols, such 
15 as lipophilic S-nitrosodiiols. arc es?>ecially suitable for O-c lipophiUc) 
incorporation into &e condom itself, to provide sustained release of the 
conqxnmd. 

•me compounds of fliis invention can be employed in combination with 
conventionalexcipients;i.e..pharmaceuticaUy acceptable organicor inorganic 

20 carrier substances suitable for parenteial. enteral or intranasal appUcation 
^db do not ddeteriously react with flie active compomids. Suitable 
phannaceutically acceptable carriers include, but are not limited to. water, salt 
solutions, alcohol, vegetable oiU. polyethylene glycols, gdatin. lactose, 
amylose. magnesium steaiate. talc. siUcic acid, viscous paraffin, perfume oU. 
25 fetty add monoglycerides and diglycerides. petroethral fiitty add esters. 
hydioxymethylceUulose. polyvinylpyrrolidone, etc. The pharmaceutical 
preparations canbe sterilized and if desired, mixed with auxiliary agents. e.g.. 
lubricants, preservatives, stabilizers, wetting agents, emulsifiers. salts fbr 
influendng osmotic pressure, buffers, colorings, flavoring and/or aromatic 
substances and tiie like whidi do not ddeteriously react witii tiie active 
conqwunds. 



30 
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For parenteral ^^plication, particularly suitable vehicles consist of 
solutions, preferably oily or aqueous solutions, as well as su^>ensions, 
emulsions, or implants, including suppositories. Ampules are convenient unit 
dosages. 

5 For enteral s^Ucation^ particularly suitable ace tablets, dragees or 

capsules having talc and/or a carbohydrate carrier binder or die like, die 
carrier preferably being lactose and/or com starch and/or potato starch. A 
syrup, elixir or the like can be used wher^ a sweetened vehicle is enqiloyed. 
Sustained release compositions can be formulated induding those ^erdn the 

10 active conqK>nent is protected mth differentially d^gradable coatings, e.g., by 
microenc^sulation, multiple coatings, etc. 

It will be appredaled tiiat tiie actually preferred amounts of active 
compounds used will vary according to the spedSo compound being utilized, 
die particular con^K^tions formulated, die mode of implication and die ' 

15 p^rfc^ilftr ate of administration. Optimal admimstration rates for a pvcn 
protocol of administration can be readily ascertained by those skilled in die 
art, using conventional dosage determination tests conducted widi regard to die 
forgoing guidelines. 

According to the present invention, a "dierspeutically efGscti ve amount" 

20 of a pharmaceutical conq)odtion is an amount whidi is sufiBdent to achieve 
the desired pharmacological effect Generally, the dosage required to provide 
an effective amount of the compo^tion, and which can be adjusted by one of 
ordinary skill in the art, will vary, depending upon the age, health* physical 
condition, sex, weight and extent of disease, of die recipient. Additionally, 

25 flie dosage may be determmed by die frequency of treatment and die nature 
and scope of die de^red effect. 

Without further elaboration, it is believed diat one skilled in die art 
can, using die preceding description, utilize die present invention to its fidlest 
extent. The following exaniples are, therefore, to be construed as merely 

30 illustrative, and not limitative of die remainder of the disclosure In any way 
whatsoever. 
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The ntire text of all publications cited above and below are hereby 
inooiporated by reference. 

EXAMPLES 

Example 1. Air«« Y Smooth M "'^''- Relaralion hv .S-nitrosoftiQls 
5 A. Methods 

1. Matoials 

Glutathione. LK^ystelne. DL-homocysteine, D-penicilUn, hemoglobin 
(bovine), methylene blue and Medium 199 sets were purchased from Sigma 
Chemical Co.. St. Louis. MO. N-acetykysteine was obtained from Aldricb 

10 Chemical Co.. Mflwaukee. WI. Captopril was kindly provided by Dr Victor 
Item. Sodium mtriie. histamine and metbacholine were purchased from 
Fisher Scientific. Faiiiawn. NJ. Leutotriene was purchased from 
Anaiiuest,BOCInc., Madison. WI. Antibiotic/antimycotic mixture (10,000 
U/ml penicillin G sodium. 10.000 mcg/ml, streptomycin sulfate. 25 mcg/ml 

15 amphoteridn B) was purchased from Gibco Laboratories. Grand Island. NY. 
Radioimmunoassay kits for die determination of cycUc GMP were purchased 
fiom New England Nudear, Boston. MA. 

2. Preparation of Airways 



20 



Male HarU«sy guinea pigs (5OO.«)0g) were anesdiedzed by inhalation 
of cnflurane to achieve a surgical plane of anesfliesia. The trachea were 
excised and placed in KrebVHenseleit buffer (mM): NaCl 118. CKl 5.4, 
NaH^4 1.01. glucose 11.1. NaHCO, 25.0. MgSO* 0.69. CaO 2.32. pH 
7.4. nie airways were then dissected ftee fiom surrounding fet and 
comiective tissue and cut into rings 2-4 mm in diameter. IHe trachea rings 
25 were placed in sterile Me<fium 199 comaining 1% aniibiotic/antimycotic 
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mixture in an atmosph re of 5% CO,, 45% O,, 55% Nj, and kspt for vp to 
48 hours in tissue culture. The experiments were also performed on human 
airway smoodi muscl , isolated by tihe same method. 

3. Preparatiaii of Blood Vessels 

New Zealand White fi^nale rabbits weighing 3-4 kg were anesthetized 
with 30 mg/kg IV sodium pentobaibttaL Descending thoracic aortic were 
isolated and placed immediately in a cold phydologic salt solution QCreb's) 
(mM): Naa 118. CCl 4.7, CaClj 2.5, MgS04 1.2, KH2PO4 1.2, NaHCOs 
12.5, and I>*giucose 11.0, pH 7.4. The vessels were cleaned of adherent 
ccmnective tissue, and the endothelium removed by gentle rubbing with a 
cotton tipped applicator inserted imo the lumen, and cut into S mm rings. 

4. Fkieparatioii of S-nitrosofliioIs 

S-nitrosothiols were prqiaxed at 25*'C by reacting equimolar (100 /iM) 
concentraticHis of reduced diiols with NaNO^ in 0.5 N HCl (addified NaNOj) 
as described previously (Kowaluk et al.^ /. FharmacoL Exp. IJter. 255:1256- 
1264 (1990); Loscaizo etal., J. Pharmacol fip. Iher. 2490)il7M29 
(1989); and Ignarro ei al., /. Pharmacol. Exp. Ther. 218(3):739'749 (1981)). 
Solutions turned fiom clear to various shades of red instantaneously upon 
product formation, with the notable excepdon of S-nitroso^nidllamine, 
which is green. 

In this mediod of synthesis, the reaction of thiols witii NO (generated 
from sodium nitrite) is conq>lete and stoichiometric (Aldred et al., J. Chem. 
Soc. Peridn Traits. niTn-lZl (1982); Byler etoL, /- Agric. Food Own. 
52:523-527 (1983)). 

Ihe long-carbon chain lipophilic nitrosothiols» long and short diain S- 
nitrosoditiiiols, and S-nitrosothiols with additional functional groups were 
syntiiesized by ne r more of die following methods: (a) exposure to 
equimolar N2O3 or N2O4 in Ca4; (b) exposure tt> equimolar acidified nitrite; 
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(c) exposure to equimolar bubbled NO gas; (d) exposure to excess cold 
bubbled NO, gas; and (e) exposure to medieiolic acid or equimolar NaNO, 

diluted in metfaersoL 

nie synthesis of S-nitroso-homocysteine has not been previously 
duuacteiized. TTiis con^xiund displayed the distinct absorption maxima of 
other S-mtiosothiols at approximalely 340 mn and 550 mn (Kcwaluk et al., 
J. Pharmacol. Exp. Ther. 256:1256-1264 (1990); Loscalzo etal., J. 
PharmacoL Exp. Ther, 2^P(3>:726.729 (1989); and Ignano etal., J. 
Pharmacol, Exp. Ther, 218(3):739-1A9 (1981». Tbt molar absorptivity of S- 
nitiosoiomocysteine at 547 mn is 16.7 cm'M ' and correlates v^H wiA 
published values of 16.6 and 16.1. for S-nitn>cysteine and S-nittoso- 
glutathione, respectively (Kowalukef al., J. Pharmacol. Exp, Ther, 256:1256- 
1264 (1990)). 

Owingtotbc modest decay of S-nitrosolhiols over time, ftesh examples 
15 weic made at hourly intervals and kq»t at 4^0 mitil use. Solutions vvere 
diluted as neoesary into physiologic buffer immediately prior to each 
experimenL 
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S. Bioassay 



Trachea and aortic rings were mounted on stirrups and connected to 
20 transducers (model FCynC Grass) with which changes in isometric tension 
wcremeasured. Rings were Aen suspended in 10 cc of oxygenated (95% O,. 
5% CO^ buffer. Conditions for both the vessel and airway bioassays were 
established according to standard methodologies as described in Cooke et al.. 
Am, J. Physiol. 259(3):H804-H812 (1990). 

25 In airway eq»eriments. tiie rings were equiUbrated for 60 mimites 

under a load of 1 gm and then primed twice by exposure to 100 iiM 
metiiadioline. Tissues were contracted witii various agonists at concentrations 
determined to generate 50% (± 16% S.D.) of maximum tone, after whiditiie 
effects of different tiiiols and their S-nitrosylated derivatives were assessed. 

30 In selected experiments, relaxation responses were determined in tiie presence 
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of hemoglobin^ or after rings had been pieexposed to methylene blue for 30 
minutes. 

In vessel experiments, aortic rings were contracted with 1 ;iM 
epinephrine and relaxations were induced with S-nitrosodiioIs. 

S 6. Cydic Nucleotide Assays 

The medianism by which S-mnosothiols ida^ vascular smooth muscle 
is felt to b& duough activation of guaiQrlate ^dase widi consequent increase 
in intracellular cydic GMP (Ignarro &aL, Grc. Res. 65:1-21 (1989); 
Loscalzo et d.. J. Pharmacol Exp. Ther. 249(3):726'729 (1989)). In order 

10 to assess diismechanism in airways, tiadieal rings inKrebVHraseleit solution 
were exposed to 100 fcM S-nitroso-N-ace^cysteine ^NOAQ for 90 seconds. 
Reactions were terminated by the addition of ice cold 10% trichloracetic add 
and rapid fieezing in etiianol-saturatcd dry ice. 

In selected e^riments, rings were preexposed to the guanylate cyclase 

15 Inhibitor, metiiylene blue (10^ M) for 30 nunutes. Tissues were then 
individually ptdverized witii a glass (s) homogeidzer and centrifuged at 800Q 
g for 5 minutes. The dear supernatant was extracted widi water-saturated 
edier and assayed for ^lic GMP by radioinununoassay. Ace^lation of 
samples with acetic anhydride was used to increase die sen^vity of the assay 

20 and die demmination of recoveries was aided by die use of pHTI c^lic GMP. 

Dose-response relationships to SNOAC were obtaii^ in airways 
contracted witii 3 uM histamine, and repeated in the presence of 10^ M 
hemoglobin, 10^^ M methylene blue, and IC^^ M methylene blue. Relaxation 
responses to SNOAC are inhibited by hemoglobin and methylene blue, witii 

25 the latter in a dose-dq>endent manner. Cyclic GMP detenninations were 
performed in duplicate for eadi experiment 
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7. 



Statistics 



AU results are presented as means ± SEM. Paired samples were 
compaired by the Student's t-test. Dose-response curves were compared by 
two-way analysis of variance (ANOVA). Values of p < 0.05 were 
conadered significant. 



Table 1 



Inhibitoiy Concentrations Inducing 5096 Relaxation aC50) 


RS-NO 


1C50 mean ± S.D.; x 10* M) 


S-nitioso-glutathione 


0.99 ± 2.0 


S-nitxoso-cysteine 


3.2 ±0.2 


S-oitioso-homocystidne 


2.1 ±0.3 1 


Is-nitroso-N-acetylcysteine 


2.1 ±0.8 


1 S-itttrosoi>eiucillamine 


1.8 ±0.8 1 


1 S-nitcoso-ci^topril 


20.0 ± 0.7 



10 



•nie mammalian fraction of sulfur tiiat exists as free sulfhydryl is 
contained largely in the form of glutathione, cysteine, and homocysteine 
(Jocelyn. P.C., In Biodiemistry qf Oie SH Group. Academic Press. 
Londonmew York pp. 1-46 (1972)). N-acetylcysteine is a minor metabolite 
of cysteine that is used for its mucolytic properties in the treatment of airway 
obstruction. N-acetylcystcine has also received attention witiiin the context of 
nitrate metabolism and midergoes S-nitiosylation in plasma upon treatment 
with nitroglycerin (Fung etal., J. Pharmacol. Exp. Ther. 245(2;:524-531 
(1988)). Tbe S-nitrosylaied derivatives of these four sulfhydryls comprise tiie 
group of biological S-nitrosodiiols under investigation. 
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Captopiil and peniciUamice are examples of nonbiolQgical low 
molecular weight thiols, and their S-nitrosylated derivatives have been well 
characterized (Kowaluk et al., /• PharmacoL Exp. TTien 255:1256-1264 
(1990); Loscalzo et al., J. PharmacoL Exp. Jher. 249(3)i12^T29 (1989); and 
5 Ignano et al., /. PharmacoL Exp. Iher. 22S(3;:739-749 (1981). 

An initial examination of the relaxant acdvxQr of each of the biological 
and nonbiological S-nitrosolfaiols in guii^ pig tradieal rings was conducted. 
The results are shown in Hgures 3 and 4(aH0. As demonstrated by dose- 
response relationships, diese conqx>unds are potent airway smooth muscle 
10 relaxants, with relaxant effects that are unmatched by equimolar amounts of 
leactant thiol or NO (generated firom NaNO^ alone). 

In every case, die dose-response rarves for the S-nitiosotfaiols were 
significandy different firom the dose-response curves for NO and for die 
individual thiols by two-way ANOVA to p < 0.001. Results are presented 
15 as mean ± SEM. (n = 5). 

With die »c^tion of S-nitroso-ca^itppril (SNOCAP), die S- 
nitioMtfaiols revealed con^arable bioactivity with ICSOs in the range of 
1 X 10* M CTable 1). SNOAC and SNOCAP were dien selected as 
representative biological and nonbiological S-nitrosodiiols for fortfaer detailed 
20 investigation. 

Dose-effect relationships were obtained for SNOAC and SNOCAP 
using txadieal rings induced to constrict with leutotriene D4, histamine, and 
mediadioline. As shown in Rgure 5, airways e^diibited agonist specificity 
towardS-nitrosothiol-mediated relaxations: S-nitrosotiiiols were mostactive for 
25 relaxation of leukotriene D44nduced contractions and progressively less 
effective widi contractions induced by histamine and methadioline. In every 
case, SNOAC was^proximately 10-fold more active in relaxation of airways 
than SNOCAP. Results are presented as mean ± SEM (n=3-5). 

The time course of relaxation to SNOAC is shown in Rgure 6. Uang 
30 a concentration (5 x 10^ M) selected to induce s^roximately 50% of die 
' maximal response, maximal relaxation occurred by five mirmtes and a 
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In control 



sijnificam rcadual loss of tone was aill evident at one hour 
experiment;. ain™ycontm:.io.BKn»ined stable over d»s«.dypenod. 

, Ttee lelaaiion .esponses contrast markedly with ti»se generally 
3^ „ tow-mdecular-welght S-nitrosothiols. Rgore 7 iUustnttes the 
5 ««d*diffeie«» in letaalio.'U^to between these ti«^^ ln«»alar 
^ mu;*. the rdaxatioos »e n«*i a.«l t«a»i»^ '^'^ 

duradoiu 

Figure 8 shows a comparison between the efficacy of SNOAC and 
10 isoproterenol or theophylltae under identical study condidons. Of the drug, 
e,^, isoproterenol was .he most acdve teUoant. however. SNOAC was 
__,,,ri^,50flmesmore«>tivei«rela«tio.d«m.he^^ -nodose 
,«po„se curves fbr these agents «e significandy different fh,m each 

oter by two-way ANOVA«.p< 0.01. Results are expressed as meaa ± 

U SEM (n-3-5). . , 

HemogloWn and methylene blue »e .stablid«d uAihors of 
NO^nduced lelaaSons in vascular smoodi m.«le (Ignario er <it, arc. lie. 

d51-21 (1989». When dieir effects were eamined in guinea pig airways 
iemoglobi. mi meftylene btae ead. partiaDy attenuated (only IM0% 
20 at.enuatioB).heacdons of SNOAC as evidenced by ritfttwardAiftsm the 

d„,«a«t rdaflonships to SNOAC to their presence (F.g«» 9). to hunun. 
,,n«^neltehemogloltoor.Dedqtoebl»ea.teanatedto.da«aoneffecL 

Ihe dose^esponse curves for SNOAC wens signilica«ly differen. 6om ead. 
of fte curves derived to 4e ptesence of hemoglobm and n^hytene btae 
25 two-way ANOVA to p-0.05. Results are presented as mean ± SEM (n-3- 

^' Tie biochemical medanism of action of S-nitrosofluols was fiaher 
tevestig^ed to isolate, tracheal .tags. As shown to Rgure 10. tracheal rings 
i,,cuba.ed with SNOAC edJbited 4-fbld taceases to cyclic GMP over basal 
30 te.eU(cont.oO. toc.easestocyclicGMPw«ea..enna.edlo,pn«eatme«.^ 
_ Sssueswithfl^goanylatecydasetahibitor. methylene blue (lO-'M). Cychc 
GMP leveU to the presence of SNOAC were sigrflficantly greater than control 
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values (p < O.OOQS) and levels determined in the presence of methylene blue 
(p ^ O.QS). Results are presented as mean ± SEM (n = 4-8). 

An examination of the relaxant acdvi^ of S-nitrosotfai Is in human 
tracheal rings was also conducted. The results are shown in Figures 11-15. 
S In particular. Figure 11 shows tfiat S-nitroso^utathione has a relaxant effect 
upon human tradiea whidi is significantly greater dian nitrite (NOJ^ Figure 
12 demon^rates Aat the relaxant effect of S-nitrosoglutaduone upon human 
tradiea is significantiy greater than glutafliione alone. This data underscores 
tiie fact diat die bioactivity of nitric oxide in airways dq>ends upon the form 
10 in wtdch it is delivered, S-nitrosodiiols provide efScient delivery of NO in its 
most bioacdve and non-toxic form. 

Figure 13 demonstrates that the relaxant effect of SNO AC u|K>n human 
trachea is significandy greater than that of N-acetyl^steine. As shown in 
Hgure 13, NAC caused dgnificant constricdon of die tradieai smooth muscle, 
15 which is consistent with the £act tliat NAC, ^en given as a mucolytic agent, 
causes die untoward side effect of brondiospasm. SNOAC not only causes 
relaxation of airway'tissue, but also eliminates brondiospasm. 

Figure 14 demonstrates diat SNOAC and SNOGSH exert a relaxant 
effect on airway smoodi muscle i^^di is significantly more potent dian diat 
20 of theophylline, and conqiares &vorably with that exerted by isoprcMerenoL 
Esqperiments were also conducted to assess the cGMP response tt> 
SNOAC in human airwa]^. As shown in Figure IS, tracheal riiigs incubated 
with SNOAC exhibited 4-foId increases in cyclic GMP over basal levels 
(control). 

25 Unexpectedly, the relaxation response to low molecular weight S- 

nitrosothiols in airways differs markedly from that observed in blood vessels. 
In the latter case, relaxations occur slowly and perdst for a much longer 
duration. This is most likely attributed to die inherent differences between 
vascular and nonvascular smooth muscle. There may be additional 

30 contributing fectors responsible for this heterogeneity. Finally, any diq>arity 
among smooth muscle cells in redox state, availability of reducing equivalents, 
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pH. oxygen tension, or any other factor that might influ nee the stability of 
the S-NO bond would be predicted to inAuence relaxation kinetics. 

TTie results also suggests that, in addition to the primary site of 
obstruction in the lung, the efficacy of nitro(so)-bronchodilators may be 
5 determined by the nature of &e diemical mediators contributing to 
bionchoconstriction. In particular. S-nitrosotbiols weie most effective in this 
study against leukotriene D^-mediaied bronchooonstriction and ptogiessively 
lessef&ctiveagainsthistamineandmethadioline-mediatedconstriction. Thus. 

legional variation in gnanylate cyclase content or activity, the site of 
10 obstruction, the form m which the active species of NO is administered, and 
tiie namre of tiie brondioconstrictor stimuli are all variables which may 
influence the determination of nitro<so)-bronchodilator efficacy and tiie 
inqwrtance of guanylate cyclase in regulating airway tone. 

Example 2. ri«. ^^«t.. rvclas e i^^iKitor. no Not Inhibit S-nitrosothiol 
^5 JnAuceA Relg ^«^»" Human Airwavs 

n»e effect of guanylate cyclase inhn>itots upon S-nitrosofiiiol-induced 
airway relaxation and cGMP inciease was assessed, using tite previously 
described bioassay and cycUc nucleotide assay procedures. Bronchodilator 
effects of S-NOGSH and SNOAC were examined in human airways (5-12 mm 
20 outer diameter). Concentrafion-ieiqwnse relationships for rings contracted 
wifli metiiacholine C7mM) resulted in IC50 values of 22 ,«M. approximately 
two orders of magnitude greater than theophylline. 

SNOAC (100 mm) induced 4-fold increases (P < 0.02). over control 
airway cGMP levels, as shown in Table 3. However, as shown in Rgure 16. 
25 SNOAC-induced airway relaxation was not agnificanUy inlubited by 
mefliylene blue (10^) or LY«3583 (5 xia»). Similariy. hemoglobin (100 mM) 
had Uttie effect on S-nittosofliiol-induced relaxation (P = NS). 

THese results demonstrate that tite mechanism by which S-nitrosotiiiols 
cause airway relaxation is not due solely to increases in cGMP. Thus. S- 
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nitiosotfai Is cause airway relaxation thiou^ both increase in cyclic GMP, as 
well as a cGMP-independent pathway. 

Example 3. S-nitrosotfiiols Reast Decomposition In TTie Piesence of Redox 
Metals 

5 Tbe lOabili^ of SNOAC and SNOGSH in the presence of oj^gen and 

redox metals was assessed. When subjected to conditions consisting of 95% 
O2, pH 7.4* die half lives of these conqximuis were shown to be on the order 
of hours, and significantly greater tiban Oat of NO, or NO«, >^cfa, under 
dmilar conditions, are on the order of seconds. 

10 In addition, S-nitrosotfaioI stability was assessed in the presence of 

various redox metals or chelating ag^its. These conqxMmds were resistant to 
decomposition when Cu"^, Fe?% or Cu^"^ (50 fjM) or defuroxamine or H>TA 
(lOfiM) were added. Thus, these o^riments demonstrate diat, unlike NO*, . 
S-nitrosotfaiols are not rs^idly inactivated in die presence of oxygen, nor do 

15 they decomix>se in the presence of redox metals. 

Exanq>le 4. S^nitrosothiols Increase Hemopld>in-oxygen Binding 

Additional ea^riments were conducted to evaluate the reaction 
between S-nitrosotfaiols and hemoglobin. S-nitrosylation of hemoglobin was 
acconq>Iished by reacting 12.5 fcMol hempglobin with 12.5 pM SNOAC for 

20 5 and 20 minute intervals (pH 6.9). S-nitrosylarion was v^ified, using 
standard methods for detection of S*nitn)sothiob (Saville, Analyst 83i67Q^71 
(1958)). The Saville mediod, whidi assays free NO. in solution, involves a 
diazotization reaction with sulfanilamide and subsequent coupling with die 
chrompphore N^l-ns^hthyQethylenediamine. The spedfid^ for S- 

25 nitrosotiiiols derives from assay determinations performed in die presence and 
abs^ice of HgCl^, the latter reagent catalydng the hydrolysis of the S-NO 
bond. Confirmatory evidence for S-nitrosothiol bond formation was obtained 
by spectrophotometry, demonstrated by die absorption maximum of 450 run. 
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as shown in Figure 17. This was demonstrated using NO* equivalents in the 
fonnofSNOAC. 

As demonstrated by Figure 18, the UV spectrum f hemoglobin 
incubated with SNOAC shows no reaction at the redox metal Oion-binding 
5 site) of hemoglobin, over 15 minutes. For the purposes of con^son, 
equimolar concentrations of hemoglobin and NaNO, were reacted in 0.5 N 
HQ. to form nitrosyl-hemoglobm. and the UV spectrum was obtained. As 

shown in Figure 19, NO reacted instantaneously with the redox metal site on 
hemoglobin. The feet that the S-nitrosothiol did not react with flie redox metal 
10 site of hemoglobin, but with its thiol group instead, indicates that ttie reactive 
NO spedes donated by the S-nitrosothiol is nitrosonium or nitroxyl. 

S-nitrosylaiion of hemoglobin does not result in the formation of 
meftemoglobin and consequent impairment in hemoglobin-oxygen binding.. 
Furthermore, an additional experiment demonstrated that S-nitrosylation of 
15 hemoglobin causes a leftward shift in the hemoglobin-oxygen association 
curve, mdicaiing an increase «i oxygen binding. Thus, the reaction between 
S-nhrosolhiols and hemoglobin not only eliminates the inhibition of oxygen 
binding which occurs ftom the reaction with NO^. but actually increases 
bmdmg and oxygenation of the blood. 
20 In summary. S-nitrosothiols are important intermediates hi the 

metabolism of organic nitrates and endogenously-derived NO. Furfliermore. 
these compounds provide greater stabUity. a longer half Ufe than NO. and 
retam hs cyclic GMP-dependent bioactivity in blood vessels. 

In the present mvention, the inventors have demonstrated that S- 
25 nitrosothiols are also potent airway smoodi muscle relaxants and mediate their 
effects through both activation of guanyUite cycUise, and a cGMP-independent 
niedianism. The results indicate that there are a number of important 
mediators of airway tone, includmg cGMP. The results also demonstrate a 
mechanism by which fte bioactivity of NO is preserved in the presence of 
30 high ambiem concentrations of oxygen and reactive oxygen species and redox 
metals. 
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In addition to the relaxant efBsct exerted upon airways, S-niirosothioIs 
also increase hemoglobin-oxygen binding, thus providing a means f r 
enhancing oxygenadon of the blood and oxygen tranq>ort to tissues. As a 
result of the potent effects exerted by S-nitrosodiiols on airway relaxation and 
5 blood oj^genadon, tiiese conqx>unds have significant pharmacological utility 
for the treatm^ of airway obstrucdon, or odter <fisorders resulting in 
insu£5dent blood os^genation. 
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WHAT IS CLAIMED IS ; 

1. A compound having the formula: 

CH3(CHa)2SNO 

wherein: 

X equals 2 to 20. 

2. A compound having the formula: 

BSQCa^JSNO 

wherein: 

X equals 2 to 20. 

3. A compound having the formula: 

ONS(CHa).y 

^^reim 

X equals 2 to 20; 

Yis selected fiom the gasap consisting of fluoro, Ci-C^ aSkaxy^ c^ano, 
caiboxamido, Cj-Q qrdoalkyl, saDasxy, Cj-Q alkylsulfii^l. aiylduo, Ci-Q 
aS^lamino, CrCu dialkylamlno, hydroxy, catbomoyi, QQ N- 
allgrlcarbamo^, CrCu N,N-dia]]cylcarbamoyl, amino, hydnnyl, caxbos^I, 
hydipgen. nitro and atyl; 

herein ar^ includes ben^U ns^hdiyl and andnaoN^i gtoiq>s. 

4. A method for xelaxing airway smooth muscle, oonqiri^ng 
administering a diei:Q>eutically effective amount of an S-mtrosotiiiol con^und 
to an ammal in need thereof. 

5. The method of claim 4 wherein said S-nitrosoduol con^und 
has the formula: 

wherein: 

X equals 2 to 20. 
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6. The method of claim 4 wherein said S-nitiosothiol compound 
has die formula: 

HS(CH:)^NO 

X equals 2 to 20. 

7. The method of claim 4 wheiein said S-nitiosothiol compound 
has die formula: 

ONS(CH,),Y 

wherein: 

X equals 2 to 20; 

Y is selected from the group consisting of fluoro. Q-Q alkoxy . cyano. 
caiboxamido. C,-Q cycloalkyl. aialkoxy. Q-Q alkylsulfinyl. arylthio. 
allqrlamino. Q-Cis dialkylamino. hydroxy, caibomoyl. QQ N- 
alkylcaibamoyl. Q-Qs N.N-dialkylcaibamoyl. amino, hydroxyl. caiboxyl. 

hydrogen, mtro and aryl; 

wherein aryl includes benzyl, naphtfayl and antiiracenyl groups. 

8. The method of claim 4 wherein said S-nitrosotWol compound 
is selected ftom the group consisting of S-nitroso-N-acetylcysieine. S-nitroso- 
ghtfaibione. S^trosoK^ystdne. S-nitroso^ocysteine. S-nitrosthpenicillamine 
and S-oitioso-captopiil. 

9. Tiie method of claim 4 wherein said compound is administered 
as part of a pharmaceutical composition comprising a pharmaceutically 
aoo^table carrier. 

10. Tlie method of claim 9 wherein said pharmaceutical composition 
is administered to an animal by a route comprising oral, subungual, 
intravenous, intramuscular, aerosol, topical or bronchoscopic delivery. 
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11. A method for treatment or prevention of re^iratory disorders, 
comprising administering a therapeutically effective amount of an S- 
nitrosothiol compound to an animal in need thereof. 

12. The method of daim 11 wherein said S-nitrosotfaiol compound 
has the formula: 

CH3(CH^NO 

^ereim 

X equals 2 to 20. 

13. The method of claim 1 1 wherein said S-nitrosothiol compound 
has the formula: 

HS(CH2)xSNO 

wherein: 

X equals 2 to 20. 



14. The method of claun 11 iniier^ said S-nitn>sotfaiol compound 
has the formula: 

ONS(CH:J^Y 

wherein: 

X equals 2 to 20; 

Y is selected fiom die group con^sting of fluoro, Q-Q alka^» cysaso , 
carboxamido, Q-Q <^loallcyU aralfco3^, Cj-Q alkylsulfin^, arylthio, Q-Q 
alkylamlno, Q-Cxs dialkylamino, Igrdro:^, caibomoyl, QQ N- 
alkylcaibamoyl, Q-Cis N,N-diall^lcarbamoyU amino, hydroxyl, cait>o^U 
hydrogen, nitro and aryl; 

herein aryl includes benzyl, n^htiiyl and anAcacenyl groups. 

15. The method of daim 11 wherein said S-mtrosolfaiol coiEqK>und 
is selected fiom the group consisting of S-nitroso-N-acetylc^steine, S-nitroso- 
glutalhione, S-nitroso-cysteii^, S-nitroso-homocystdK, S-nitn>soi>enicillamine 
and S-nitroso-captopril. 



wo 93/12068 



PCT/US92/10447 



-39- 

16. The method of claim 1 1 wherein said compound is administered 
as part of a pharmaceutical composition comprising a pharmaceutically 
acc^table carrier. 

17. The method of daim 16 wherein said pharmaceutical 
composition is administered to an animal by a route comprising oral, 
sublingual, intravenous, intramuscular, aerosol topical or bronchoscopic 
delivery. 

' 18. The method of claim 11 wherein said respiratoiy disorder is in 
the group comprised of all subsets of obstructive lung disease, including 
emphysema, asthma, biondiitis, fibrosis, excessive mucous secretion, 
obstruction of air flow, and lung disorders resulting from post-surgical 
oonq>lications. 

19. A method for rekoing gastrmntestinal smoodi musde. 
compriang administering a therapeutically effective amount of an S- 
nitrosodiiol compound to an animal in need thereof. 

20. The method of claim 19 wherein said S-nitrosothiol compound 
has tiie formula: 

CH5(CH^^NO 

wherein: 

X equals 2 to 20. 

21. The method of claim 19 wherein said S-nitrosothiol compound 
has die formula: 

HS(CHj)^NO 

herein: 

X equals 2 to 20. 
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22. The method of claim 19 wherein said S-nitiosothiol compound 
has the fonnular 

ONS(CH2)xY 

wheieim 

X equals 2 to 20; 

Y is selected from the gioiqi consisting of fiuoio, Ci-Qaltoxy^ ^^ano, 
caiboxamido, CrQ cycloalkyl, aialkoxy, CrQ alkylsulfinyl, azyitfaio, Q-Q 
alkylamino^ Cj-Cis dialkylamino, hydros, caibomoyU N- 
alkylcaibamcyU CrOs N,N-diaIkylcarbamoyU amino, hydiox]^, caiboxyl, 
hydiog^ nitto and aiyl; 

wheidn aiyl includes ben^l> naphtbyl and andixacenyl groups. 

23. The method of claim 19 wherein said S-nitrosothiol compound 
is selected fiom die group consisting of S*nitroso-N-acetyIcysteine, S-nitroscK 
glutadiione, Sniitroso-cystdK, S-nitroso4iomocystdne« S-nitroso^) enid11 a min e 
and S-nitroso-capt£^iiL 

24. The method of claim 19 wherein said confound is a dmini stered 
as part of a phannaceudcal composition oon^rising a pharmaceutically 
accqrtable carrier. 

25. The method of claim 24 wherein said pharmaceutical 
conq^tion is administered to a patient by a route compridng oral, 
sublingual, intravenous, topical* intramuscular, aerosol or endoscc^icdelivery. 

26. A method for alleviatiiig contraction or spasm of 
gastrointestinal smooth muscle associated with endoscopic procedures 
comprising, administering a then^ieuticaliy effective amount of an S- 
nitrosodiiol compound to an animal in need tiiereof . 

27- The m^od of claim 26 wherein said S-nitrosoiiuol compound 
has the formula: 
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CH3(CHa)^N0 

wherein: 

X equals 2 to 20. 

28. The method of claun 26 wherein said S-nittosothiol compound 
has die formula: 

HS(CH^^NO 

wherein: 

X equals 2 to 20. 

29. The method of claim 26 wherein said S-nitrosothiol compound 
has die fonnula: 

ONS(CHa).Y 

wlietm: 

X equals 2 to 20; 

Y is selected from the gmap consisting of fluoio. Q-Q alkoxy. cyano, 
caiboxamido. Q-Q cydoalkyl, aialkoxy. Q-Q alkylsulfinyl. aiylthio, Q-Q 
aB^lamino. Cj-Cw dialkylammo. hydroxy, caibomoyl. QC* N- 
alkylcarbamoyl. CVCw N.N-dialkykaibamoyl. amino, hydroxy!, caiboxyl. 

hydrogen, nitro and aiyl; 

wherein aryl inchides benzyl. nsq>hdiyl and anthiacenyl groups. 

30. The method of claim 26 wherein said S-mtrosofluol compound 
is selected from the group consisting of S-nitroso-N-acetylcysteine. S-nitroso- 
gluladiione. S-nitroscxisteine. S-ninoso^iomocysteine. S-nitrosofienidllamme 
and S-nitroso-captqpril. 

31. The method ofclaun 26 wherein said compound is administered 
as part of a pharmaceutical composition comprising a pharmaceutically 

acc^table carrier. 
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32. The method of claim 31 wheiwn said phannaceutical 
composition is administered to an animal by a route comprising oral, 
sublingual, intravenous, topical, intramuscular, aerosol r endoscopicdelivery. 

33. A method for relaxing ooipus cavemosum smoodi muscle, 
oon^riaiig administering a th^apeuticaUy efSective amount of an S- 
nftiDsothiol compound to an animal in need di»eof . 

34. Hie method of claim 33 whodn said S-nitsosodiiol compound 
has &e formula: 

wherein: 

X equals 2 to 20. 

35. The method of claim 33 wherein said S-nitrosothioI oon^und 
has the formula: 

HS(CHa)^NO 

wherein: 

X etpials 2 to 20. 

36. The method of claim 33 wimein said S-nitrosotfaioI compound 
has the formula: 

ONS(CHa),Y 

wherein: 

X equals 2 to 20; 

Y is selected ftom die grotq> consisting of fluoro, C,-Q siSkoxy, cysao, 
carboxamido. Q-CeCycloalkyl, aralkoxy, QrQ anqrlsulfinyl, arylthio, Q-Q 
alkylamino, QrCu dialkylamino, hydroxy, carbomoyl. CjCe N- 
alkylcaibamoyl. QrCw N,N-dialkylcarbamoyl, amino, hydroxyl, carixjxyl. 

hydrogen, lutro and aryl; 

wherdn aiyl includes ben:qrl, naphth^ and anfliracetqrl groups. 
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37. Tbs method of claim 33 wherein said S-nitiosothiol compound 
is selected from the group consisting of S-nitroso-N-acetylcysteine, S-nitioso- 
ghflalhione, S-mtroso^ine. S-nitroso-homocysteine, S-nitrosopenidllanune 
and S-mtroso-cs^topril. 

38. Tlie method of claim 33 wherein said compoumi is administer 
as part of a phannaceutical composition comprising a pharmaceudcaUy 
accq>table caxiier. 

39. The method of claim 38 wherein said pharmaceutical 
conqKmtion is administered to an animal by a route comprising oial, 
sublingual, intravenous, topical, intramuscular or aerosol delivery. 

40. A method for Ae treatment or prevention of unpotence. 
comprising administering a therapeutically effective amount of an S- 
mtrosothiol compound to an animal in need thereof. 

41. The method of claim 40 wherein said S-mtrosothiol compound 
has the fiwmula: 

CH3(CH,)^NO 

whernm 

X equals 2 to 20. 

42. TTie method of claim 40 wherein said S-nitrosotfaiol compound 
has die formula: 

HS(CH^^NO 

wherein: 

X equals 2 to 20. 

43. The method of claim 40 wherem said S-introsofliiol compound 
has the formula: 

ONS(CHj),Y 
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wberein: 

X equals 2 to 20; 

Y is selected from tiie gioiq> consistiiig of fluoio, Q-Q alkoxy » cysno, 
caiboxamido, Q-Q cycloalkyi, aralkoxy, Q-Q alkylsulfinyl. aiylfliio, C,-Q 
z&ybmsK), CVOj diall^lamino, hydro^qr, caibomoyl, QQ N- 
alkylcaibamoyU Q-C15 N,N-diaIkylcarbamoyU amino, hydioxyl, caiboxyl, 
hydrogeiu mtio and aiyl; 

wherein aiyl includes benzyl, naphthyl and anthiacenyl gmups. 

44. The mediod of claim 40 \dieiein said S-nitiosothiol compound 
is selected from die group consisting of S-nitroso-N-acetylcysteine, S-nitroso- 
glutathione, S-mtEOSo^Tsteine, S-nitroso4xomocysteine, S-mtrosopenidllamine 
and S-nitroso^cs^topril. 

45. The method of daim 40 wherdn said conqx>und is administered 
as part of a pharmaceutical conqiodtion con^rising a pharmaceutically 
acceptable carrier. 

46. The meihod of claim 45 wherein said pharmaceutical 
oonqx>^tion is administered to an aiumal by a route comprising oral, 
sublingual, intravenous, topical, intramuscular or aerosol delivery. 

47. A method for relaxing bladder smoodi muscle, comprising 
administering a dierapeudcally efiective amount of an S-nitrosodiiol compound 
to an animal in need thereof. 

48. The mediod of claun 47 whmm said S-nitrosodiioI compound 
has the formula: 

CH3(CH2)^NO 

wherein: 

X equals 2 to 20. 
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49. nie method of claim 47 wherein said S-nitrosothi 1 coiiqK>und 
has tiie formula: 

HS(CHa)^NO 

wheiein: 

X equals 2 to 20. 

50. The method of claim 47 wherein said S-nitrosodiiol compound 
has die fonnula: 

ONS(CHa)xY 

Ddieidn: 

X equals 2 to 20; 

Y is selected from die group consisting of fluoro, Q-Q alkoxy. cyano. 
caiboxamido. Q-C, cycloalkyl. aralkoxy. C,-Q alkylsulfinyl, aiylduo. Q-Q 
alkylamino. Cj-Cu dialkylamino, hydroxy, caibomoyl. N- 
alkylcaibamoyl. CVC^ N.N-dialkylcaibamoyl. amino, hydioxyl. carboxyl. 

hydrogen, mtio and aryl; 

wherein aiyl includes benzyU naphdiyl and andiraccnyl groups. 

51. Hie metiiod of claim 47 wherein said S-nitrosodiiol compound 
is selected ftom die group consisting of S-nitroso-N-acetylcysteine, S-nitroso- 
gtatadiione. S-nitroso^ine, S-nitioso^ocysteine, S-niiiosoi«idcillamine 
and S-mtroso-cs9tq>rU. 

52. mmediod of clMm 47 wherein said compound is administered 
as part of a pharmaceutical composition comprising a pharmaceuticaUy 
acoq>table carrier. 

53. The metiiod of daim 52 wherein said pharmaoeutical 
conqK«ition is administered to an animal by a route comprising oral, 
subungual, intravenous, topical, intramuscular or aerosol deliveiy. 
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54. A method for relaxing uterine smooth muscle, comprising 
administedng a then^utically effective amount of an S-nitrosothiol compound 
to an animal in need thereof. 

55. The mediod of claim 54 \dieiein said S-nitrosodiiol compound 
has die fomiula: 

wbeiein: 

X equals 2 to 20. 

56. The method of claim 54 wherein said S-nitrosodiiol compound 
has the formula: 

HS(CH2)^N0 

wherein: 

Xequals2to20. 



57. The method of claim 54 wherdn said S-nitrosodiiol compound 
has the formula: 

ONS(CH^,Y 

wherein: 

X equals 2 to 

Y is selected from the grotip consisting of fluoro« Ci-Qalkosgr, qrano, 
carixBcamido, CrQ cydoalkyl, aralkoxy, Cj-Q alkylsulfinyU arylddo, Q-Q 
al^Ianuno, Cj-Cis dialkylamino. hydroxy, carbomoyU QQ N- 
all^lcarbamoyl, Cj-Qs N,N-diaIl^lcarbamoyl, amino, hydro^l, carbo^U 
hydrogen, nitro and aryl; 

wherein aryl includes ben2yi, naphth^ and andiraoenyl groiq>s. 

58. The mediod of claim 54 wherein said S-nitrosotfaiol compound 
is selected ftom die gtoup consisting of S-nitroso-N-aoetyl^steine, S-nitroso- 

- glutadiione, S-nitroso-cysteine, S-nitroso-homocysieine, S-nitroso-p^dllamine 
and S-nitroso-c^topril. 
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59. The method of claim 54 wherein said compound is administered 
as part of a pbannaceutical composition comprising a pharmaceutically 
acceptable carrier. 

60. -Die method of daim 59 wherein said pbannaceutical 
ocffliposhioii b administered to an animal by a K)ute con^rising oral, 
sublingual, intravenous, topical, intramuscular or aerosol deUvcry. 

61 A method for increasing the capacity of hemoglobin to bind 
oxygen, comprising administering a therapeudcally effectivcamountof anS- 
nitrosodiiol compound to an animal in need thereof . 

62. A method for increaang racygen transport to bodily tissues. 
co,„priai« admfaiistering a Aerapeutically effective amom* of an S- 
nitrosolhiol compound to an animal in need thereof . 

63. Amethodforthetreatmentorpreventionofdisordersassociated 
with insufficient oxygen supply to bodUy tissues, comprising administering a 
Aerapeutically effective amount of an S-nitrosothiol to an animal m need 

thereof. 
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